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摘  要: 测定了苹果、石榴、橄榄、芒果、香蕉、菠萝、葡萄和龙眼的壳、肉及核中的多酚含量及其抗氧化性。以
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Abstract: The con tents o f po lypheno ls o f pee,l pu lp and seed frac tions o f apple, pom eg ranate, o live, m ango, banana, pine-
app le, grape and longan and their to tal antiox idant ac tiv ities w ere studied. A fter ultrasound-assisted extraction w ith 70%
aqueous acetone a t room temperature, po lypheno ls and tann ins in the p lant ce lls w ere separated and their contents w ere
determ ined by P russian b lue assay. Antiox idant ac tiv ities of the aqueous acetone ex tracts were eva luated by Ferric Re-
duc ing /Antiox idan t Pow er ( FRAP ) assay. A po sitive linear correlation between antiox idant activ ities and pheno lic con-
ten ts w as observ ed. The resu lts show ed that the fru it pee l and seeds o f pom egranate, olive, m ango, grape and longan could
be conside red as po tentia l sources o f antiox idants rather than just d isca rded as w aste.
K ey words: polypheno;l tann in; antiox idant; fru it pee ;l pu lp and seed
Introduction
The research interest in po lypheno lic antiox idan ts has
increased rem arkably in the last decade because of
the ir free radical scaveng ing activ ities associated w ith
var ious d iseases
[ 1]
. Syn thetic antiox idants require h igh
manufacturing costs but show low er act iv it ies than natu-
ra l antiox idants, and some o f them may be tox ic to hu-
man
[ 2]
. Therefore, a need is st imu lated to identify na-t
ura l and possib ly mo re econom ic and effective an tiox-i
dants w ith po tentia l to be used fo r foods industry. An-
















also show ed h igh antiox idant ac-
tiv ity. How ever, to our know ledge, there are few stud ies
relat ing to the antiox idant act iv ity of fru it pee.l G iven
the considerable amount o f by-products arising from
fru its-processing plan ts, improv ing the utilization o f the
fru it pee l and seeds is a very impo rtant issue. One pos-
sible so lut ion could be turn ing the fruit pee l and seeds
into a source of natura l food add it ives and ing redients.
Fru its have exce llent ant iox idant properties and these
effects are ma inly attributed to the ir pheno lic constitu-
ents
[ 1, 2]
. To find out the distribution of phenolic sub-
stance in d ifferent kinds of plant fru its and determ ine
the ir antiox idant activities, apple, pomegranate, o live,
mango, banana, p ineapple, grape and longan w ere se-
lected for th is study. The ob jectives of the present study
are to determ ine the tota l ant iox idant capac ities and the
po lypheno lic contents o f pee,l pulp and seed ex tracts of
selected fru its and to further investigate the re lation-
sh ips betw een an tiox idant activ ities and po lypheno lic




/ Youtanben0 longan w as purchased from a loca l farm
in Zhangzhou, Fujian Prov ince, Ch ina. App le( Fush i) ,
pomeg ranate, o live, mango( Z ihua) , banana, pineapp le,
and g rape w ere purchased from W a-lM art supermarket
in X iamen, Fujian Prov ince, Ch ina.
Chem icals
Po lyv iny lpo lypy rrolidone ( PVPP) , L-ascorb ic acid and
2, 4, 6-tripyridy-l s-triazine ( TPTZ ) w ere purchased
from S igma-A ldrich Chem icals. A ll other chem icals
w ere commonly ava ilable reagents made in China.
Methods
Samp le prepara tion
O rganic so lvent extraction is o ften used for iso lation of an-
t iox idants. Both extraction y ie ld and antiox idant activ ity of
extracts are strong ly dependent on the so lvent species
[ 2]
.
Aqueous-acetone system is w idely employed because of
their high efficiency of po lyphenol ex tract ion
[ 13]
. There-
fore, acetone-w ater system was se lected for the ex tract ion.
The ex traction process w as fo llow ed byM akkar. s [ 9 ] .
0. 5-3 g of each part of the fruit ( fresh tissue) w as ac-
curate ly we ighed, and ex tracted w ith 50 mL aqueous
acetone ( 70% , v /v) under ultrason ic treatment for 20
m in ( 2 @ 10m in w ith 5m in break in betw een) at room
temperature. The so lution w as then transferred to cen-
trifuge tubes and sub jected to centrifugation for 10m in
at 3000 g. The supernatant w as co llected and kept
coo led on ice. The precipitate from centrifugation w as
then re-ex tracted w ith 50 mL aqueous acetone ( 70% ,
v /v) and the above procedures w ere repeated to m ax-i
m ize the ex trac.t A ll extractsw ere concentrated on a ro-
tary evaporato r below 40 e under reduced pressure.
The aqueous residue ( about 30 mL ) w as transferred
into 50mL vo lumetric flask.
D eterm ination of to tal polyphenol contents
To tal polyphenol contents of the aqueous acetone ex-
tracts w ere evaluated by the Prussian blue assay
[ 10]
.
D ilu ted ex tracts ( 3. 0 mL ) w ere m ixed w ith 1 mL o f
01016 mo l /L K3 Fe( CN ) 6 in a tube, then 1mL o f 0. 02
mol /L FeC l3 in 0. 1 mol /L HC l w as added. The con-
tents w erem ixed w ell and kept at ( 24 ? 1) e for 15
m in. Then 3mL of 6. 03mo l /L H3 PO4 was added, and
the reagents in the tube w erem ixed w el.l A fter 2m in, 2
mL o f 1% gum acacia w as added and the color density
w as measured at 700 nm aga inst a reagent blank. The
amount of tota l polyphenols w as calcu lated as a tannic
ac id equ iva lent from the calibration curve of tannic
ac id standard so lut ions ( covering the concentration
range betw een 3 and 15 mg /L ) , and expressed as mg
tannic acid equivalent ( TAE ) /g fresh p lant materia.l
A llmeasurem ents w ere perform ed in trip licate.
D eterm ination of tannins
Tann in content w as determ ined by Prussian blue assay
as above, a fter remova lo f tann ins by their adsorption on
inso lub le matrix ( po lyv iny lpo lypyrro lidone, PVPP )
[ 11]
. Inso luble, cross- linked PVPP ( approx ima tely 250
mg) w as w eighed and m ixed w ith 10 mL d iluted ex-
tracts in test tubes. A fter 15 m in a t 4 e , tubes w ere
vortexed and centrifuged for 10m in at 4350 g. A liquo ts
o f supernatan tw ere transferred into test tubes and non-
absorbed polypheno ls determ ined as described above.
C alcu lated values w ere subtracted from total po lypheno l
contents and total tannin contents expressed asmg tan-
n ic ac id equ iva lent ( TAE ) /g fresh p lant materia.l A ll
measuremen ts w ere performed in trip licate.
D eterm ination of total antiox idant activity
Total ant iox idant activity o f investigated aqueous ace-
tone extracts w as evalua ted by the mod if ied FRAP
( FerricR educing /Ant iox idant Power) assay
[ 12]
. D ilu-
ted extracts ( 0. 1 mL) w ere transferred into test tubes
and 3. 0mL of fresh ly prepared FRAP reagent ( 25mL
acetate buffer, 300 mmo l/L, pH 3. 6 + 2. 5 mL 10
mmo l/L TPTZ in 40 mmol /L HC l + 2. 5 mL 20
mmo l/L FeC l3 # 6H2O ) w ere added. A fter 5 m in, the
absorbance w as m easured at 593 nm against a blank
containing 0. 1 mL o f so lven.t Re lative activ ities w ere
ca lculated from the ca libration curve of L-asco rb ic ac id
standard so lutions ( 0. 1-1 mmo l/L ) under the same
experimenta l cond itions and expressed as Lmo l ascor-
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b ic acid equivalents (AAE) /g o f fresh plan tm ateria.l
A llm easurements w ere perfo rmed in tr iplicate.
Results and D iscussion
Phenolic contents
To tal po lypheno l and tann in con tents o f pee,l pulp and
seed fractions of e ight selected varieties of fruits w ere
measured by the use o f Prussian blue method. As
shown in Tab le 1, to tal po lypheno l and tann in con tents
var ied considerably from one k ind of variety to ano ther.
In addit ion, they w ere found to be different in different
parts o f the fru its. M ean tota l po lypheno l and tannin
contents varied from 0. 28 to 71. 93 mg /g and from
0. 05 to 50. 94 mg /g of fresh matter, respective ly. A
good linear re lationship betw een to ta l polyphenol and
tann in contents w as found ( r
2
= 0. 9901, P < 0. 001, n
= 22) ( F ig. 1) . The slope o f curve in F ig. 1 ind icated
that the mean tann in content va lue corresponded to
71% of the mean tota l po lypheno l content value.
Table 1 Total an tioxidan t activities and con ten ts of po ly-
phenol and tann in of pee,l pu lp and seed extrac ts
S amp le Total polyph enolsa Tann insa FRAP valuesb
Apple Peel 1. 52 ? 0. 03 1. 27 ? 0. 05 10. 07 ? 0. 33
Pu lp 0. 47 ? 0. 06 0. 40 ? 0. 02 3. 01 ? 0. 17
S eed 1. 41 ? 0. 10 0. 86 ? 0. 01 3. 55 ? 0. 07
Pom egranate Peel 71. 93 ? 7. 84 50. 94 ? 0. 33 571. 92 ? 11. 14
Pu lp 0. 72 ? 0. 06 0. 53 ? 0. 02 3. 22 ? 0. 18
S eed 2. 27 ? 0. 42 1. 08 ? 0. 29 18. 52 ? 3. 44
O live Peel 14. 47 ? 0. 28 10. 61 ? 0. 08 75. 21 ? 2. 23
Pu lp 14. 39 ? 0. 64 10. 84 ? 0. 57 73. 15 ? 5. 91
S eed 12. 80 ? 0. 60 10. 67 ? 0. 41 69. 54 ? 1. 92
M ango Peel 16. 08 ? 0. 40 7. 83 ? 0. 14 52. 22 ? 4. 50
Pu lp 1. 17 ? 0. 06 0. 92 ? 0. 05 4. 79 ? 0. 26
S eed 27. 44 ? 0. 76 17. 82 ? 0. 40 87. 42 ? 6. 56
Banana Peel 1. 05 ? 0. 11 0. 58 ? 0. 08 7. 63 ? 0. 53
Pu lp 0. 47 ? 0. 04 0. 31 ? 0. 08 3. 53 ? 0. 27
P ineapple Peel 0. 95 ? 0. 01 0. 63 ? 0. 02 6. 00 ? 0. 30
Pu lp 0. 42 ? 0. 00 0. 24 ? 0. 00 2. 46 ? 0. 14
Grape Peel 4. 78 ? 0. 13 3. 50 ? 0. 08 29. 05 ? 0. 85
Pu lp 0. 28 ? 0. 02 0. 05 ? 0. 01 4. 05 ? 0. 12
S eed 15. 22 ? 0. 42 11. 38 ? 0. 44 91. 80 ? 4. 43
Longan Peel 21. 11 ? 0. 99 16. 13 ? 0. 58 118. 34 ? 5. 49
Pu lp 0. 90 ? 0. 06 0. 56 ? 0. 06 5. 15 ? 0. 16
S eed 26. 72 ? 1. 95 21. 84 ? 1. 32 155. 32 ? 4. 78
M eans of s ix determ inations? SD ( standard d eviat ion )
a Exp ressed asm g tann ic acid /g fresh p lantm ateria.l
b Expressed as Lm ol AAE /g fresh plant m ateria.l
The peel and seed ex tracts conta in mo re po lyphenolic
and tann in contents than the pulp extrac.t Some prev-i
ous stud ies
[ 2, 5, 6 ]
focused on phenolic compounds o f the
seeds of subtrop ica l and trop ica l fruits, but there are
few reports on the pheno lic contents o f the pee l ex-
tracts. The resu lts obta ined show ed that the polypheno-l
ic content of pomegranate peel w as the h ighes,t 71. 93
mg /g, follow ed by the peel o f longan ( 21. 11), mango
( 16. 08 ), o live ( 14. 47 ) , grape ( 4. 78 ), apple
( 1. 52) , banana ( 1. 05), and p ineapple ( 0. 95) .
Antioxidant activities
FRAP assay is w idely emp loyed to evaluate the tota l
antiox idant activ ity o f p lantm aterials
[ 14 ]
. A s shown in
Tab le 1, FRAP values of different fruits are very d iffer-
en,t rang ing from 2. 46 to 571. 92 Lmo lAAE /g of fresh
p lant materia ls. The FRAP values vary considerably
from one kind o f varie ty to another. In add ition, they
are found to be different for d ifferent parts of the fru its.
On the basis of the w et w eigh,t longan seed had the
h ighest antiox idant activ ity, fo llow ed by the seeds o f
grape, mango, o live, pom egranate and apple. For the
pee l portion, pomegranate pee l show ed the highest an-
tiox idant activ ity, follow ed by longan, o live, mango,
grape, apple, banana and pineapple. And for the pu lp
fract ion, olive show ed much h igher antiox idant activ ity
than the seven o ther fru its. O vera l,l fru it pee l and seed
extracts show ed amuch h igher antiox idant capacity and
po lypheno lic conten ts than the pulp extracts of the tes-t
ed fruits.
As illustrated in Fig. 2 and Fig. 3, good correlations
w ere found between FRAP va lues and total po lypheno l
content ( r
2
= 0. 9123, P < 0. 001, n = 21) and betw een
FRAP values and tannin content ( r
2
= 0. 9678, P <
01001, n = 21 ). This result strong ly suggested that
po lypheno l con tent should be considered as an impor-
tant feature of the fru its and their h igh levels of antiox-i
dant act iv it ies w erema in ly attributed to the presence o f
pheno lic constituents.
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F ig1 1 Corre lat ion of total polyphenol and tann in
conten ts of pee,l pu lp and seed extrac ts
Fig12 Correlation of FRAP and total polyphenol
con tents of pee,l pu lp and seed extracts
F ig13 Correlation of FRAP and tann in con ten ts
of pee ,l pu lp and seed extrac ts
Overal,l the observed antiox idant act iv it ies and po lyphe-
nol contents w ere greatly dependent on d ifferent extracts
of different fru it varieties. Interest ing ly, the pee l extracts
also exhib ited h igh po lyphenolic content and antiox idant
act iv ity, espec ially of the subtropical fru i,t as we ll as the
seed extracts. A s phenolic compounds w ith d ifferent
structures are like ly to have different chem ica l and bio-
log ical properties, it is important to clearly identify the
ind iv idual phenolic compounds so that the ir single or
synerg istic effect can be further studied.
Conclusions
A great variation of po lypheno lic contents and FRAP
va lues in d ifferent ex tracts of different fruit variet ies
w as observed. Tota l an tiox idant capacities and po lyphe-
no lic contents o f fruit pee l and seed ex tractsw ere found
to be sign if icantly h igher than those of the pulp ex-
tracts. Approx imately 71% of the total po lypheno ls o f
eight determ ined fru its w ere tann ins, wh ich w ere the
major ant iox idant components of frui.t Due to the e le-
vated va lues o f their antiox idan t activ ity, the peel and
seed ex tracts of pom egranate, o live, mango, g rape and
longan could be considered as new potentia l sources o f
antiox idants. The further study on the ir chem ica l prop-
erties and processing techno log ies, the identif ication o f
po lypheno lic structures and stability o f po lypheno ls,
w ill be o f importance.
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